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ALart-Somenadionsof4-subrtitutbdBavanshavcbecnstu~cd.6Chloro/bromoderiva~nsreadunder 
neutrrlconditionrwlthphth~lodaatoniIrilc~ingtodisplaamca~ol~halogen bynirrogenwirh 
inversion. IO contrast. irrespective of the stereochemistry. Chydroxydenvadva react under acidic or basic 
conditions kadmgtoaxialatti bythenudaophiksSOCI,,PC7,.PCI,.SOBr,.PBr,.PBr,,aatonilriknnd 
water, evidently through the intermediate formatIon of a benzylic carbocation. 

In contrast with the knowlcdgc of the stcric course of 
various reactions in acyclic or ahcyclic systm similar 
information on the reactions at the bcnxylic carbon 
which arc part of cyclic systems @vans, etc.) is rather 
scanty. This arca is becoming increasingly important 
cspccially with the advent of anthracycline antitufnor 
antibiotics with the general aglyconc structure 1. 
Particular difficulties have been encountered for the 

Cmcsyloxytlavan 3b the reaction gave auns4 
hydroxytlavan 4a. To verify the intermediacy of3band 
its subsequent hydrolysis with inversion to 4a the 
reaction when rcpcatcd gave instead of 3b a different 
product with noOH group(IR check), which contained 
chlorine, and with aqueous pyridinc at room 
temperature it gave flav-3-cnc.’ It was identified as 4 
chloroflavan 5. Hydrolysis of 5 to C was bcttek at 0” 

1 

introduction of an OH group at C-7 by the 
stcrcospccitic reduction of the C-7 keto group or 
oxidation ofthc C-7 bcnxylic mcthylcncJ and bcna the 
study of the reactions at the bcnxylic carbon is of 
rekvana. 

The Ravan nucleus having a bulky C-2 aryl 
substituent and only one bcnxyliccarbon C4appcarcd 
lo bc an ideal substrate and is more attractive because a 
2-hydroxyflavanonc derivative 2structurally similar to 
‘I-keto anthracyclina has also been isolated from 
natural sources.’ Our studies involve various reactions 
at the bcnxylic carbon C-4 of a flavan nucleus with an 
ultimate aim at the synthesis of isomcric 4- 
aminoflavans extendable to anthracyclincs. Two 
groups of workers’ have been engaged in this probkm 
and 4-aminoflavan obtained by Bog& et al.’ has ban 
subsequently shown to bc the ci.s isomer by ‘H-NMR 
studies of the derived 4-phthalimidoflavan6 Various 
approaches for the synthesis of rrans4arninoflavan by 
the former workers proved unsucccssfu1.’ We now 
report the first synthesis of two pairs of isomcric 4- 
aatamidoflavans and various routes used for this show 
a spbcitic pattern of substitution at the bcnxybc carbon 
under acidic, basic and neutral conditions. Following 
the route established in the alicyclic series viz. ci.r- 
alcohol to cis-tosylatc or mcsylate to rranr-axidc to 
frarrr-aminc,8 cis4hydroxytIavan 3a was treated with 
mcsyl chloride and pyridinc. Instead of the expected cis- 

L 

with aqueous DMSO or DMF and Li,CO,. No proof 
was available as to whether in the formation of5also 3b 
is an intermediate because if formed it would have been 
susccptibk IO the nuckophilic attack by Cl - prcscnt.‘o 
Formation of 4a from 3a via 5 involves only one 
inversion (Fig. 1) either at A or B. At the outset it 
appeared that of the two reactions, A is more likely to bc 
!&I than B and if so, reaction B involving base 
hydrolysis would be of SN2 type and in support 5 
showed IR bands at 740 and 780 cm- * corresponding 
to equatorial C-Cl stretching,” suggesting this to bc 
the cis isomer 3c. Similarly 4-bromo4’,5-dimcthoxy- 
and 4-bromo-3’,4’,S_trimcthoxytlavans synthesized 
from the related cb4hydroxyflavan.s using PBr, have 
been considered by other workers as the cis isomers (C- 
4 equatorial) 3d and 3e. and their alkaline hydrolysis to 
give the rclatcd ftans4hydroxyflavan.s 4b and 4c was 
claimed to be an S,2 displaamcnt and the initial 
conversion of OH to Br is with retention of 
stcrcochcmistry (&,I proass at A).” Thcsc apparent 
&l reactions arc contrary to tbc well cstablishcd 
nuckophilic displacements with inversion, unless 
contrary to the well established stable conformation of 
Qsubstitutcd fIavans with the C-2 aryl group 
equatorial, the cxpcctcd inversion at A is accompanied 
by a conformational change and the stable confor- 
mation of the resulting frans&hloro!lavan has the 
bulky C4 chlorine equatorial and the C-2 aryl group 
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a X-OH. 
b X-OMS, 
c x-cl, 
d x - Br. 
e X=Br. 
I X=OH. 
g X-OH, 
b X-OH, 
i X-OH, 
j X-OH, 
k X-OTs, 
I X-OTs, 

R=R,=R,=R,=R,=R,=H 
R=R,=R,=R,=R,=R,=H 
R=R,=R,=R,=R,=R,=H 

‘R*4 

X 

R=R,=OMe. R,=R,=R,=R,=H 
R=R,=R,=OMc, R,=R,=R,=H 
R=R,=R,=R,=R,=H. R,=CH, 4 
R=R,=R,=R,=H, R,=OCH, R,=CH, 
R=R,=R,=H, R,=R,=OMc. R,=CH, 8 X - OH, R=RI=Rz=R,=H 
R=R,=R,=R,=H, R,=R,=OMe 
R,=R,=R,=R,=OMc. R=R,=H 

b X - OH, R=R,=OMc, R,=R,=H 

R IO R,=H 
c X - OH, R=R,=RI=OMc, R,=H 
d x-a R=R,=R*=R,=H 

R=R,=R,=R,=R,=H, R,=CH, e X = Br, R=R,=R,=R,=H 

Fig I. 

axial as in 4’df (Fig 2) to accommodate the IR spectral 
data This was settled by examination of the ‘H-NMR 
spectrum of 5 which clearly proved this to be the rrans 
isomer 44 or Yd having the signal for H4 in 4d or for H- 
2 in 4'd at d 5.12 as a narrow triplet (overlapping double 
doublet)withasmaJltr total sprcad(J,,,,,., = 8 Hz)as 
compared to the quartet from H-2 in Y or from H-4 in 
4’dat 6 5.41 (J,.,,,., - 16 Hz) due to coupling with one 
equatorial and one axial proton, rcspcctively.6 In the 
‘H-NMR spectrum of the known 4-bromoflavan” in 
CDCI, the signals for H-2 and H-4 were overlapping (a 
5.43-5.76) but the coupling constants (overlapping 
narrow triplet and a broad quartet) suggested the trans 
isomer ;’ the assignment was confIrmad by examining 
the spectrum in benzene when two well separated 
signals, one with larger spread (J,, +.A = 18 Hz) than 
the other (J. .+.,. - 8 Hz), were ohserved. Similar 
studies atabhshcd the stereochemistry of five 4 
halogenoflavan derivatives as the IWIU isomers 4 (or 

t For darity the conformatioapl inversion of U IO 4’4 is 
reprcsancd byepimeridngbothtbeC2~dQsubrtituealq 
i.cY~islhecnantiomerofYaad thisisofaoconsapcnocar 
we arc dcahng with racemic compouods. 

4?_1 -g, -4’r -1 and -1 (spectra run in C6D6 wherever 
necessary). 

Of the two possible conformations 01 and 4’4 for 
rranr4chloroflavan the preferred conformation was 
arrived at by “C-NMR studies. The “C-NMR 
spectrum of tranr4chloroflavan showcd the signal for 
C-2 at 73.123 ppm as compared to that at 73.124 ppm 
for C-2 in tronr-hydroxyflavan b in contrast with the 
one at 77.023 ppm for the cis isomer 3a (confirmed by 
taking new proton-noise decoupled and single 
frequency off resonance dccoupkd spectral measure- 
ments on a JEOLFx-100 instrument). The uptield shift 
of 3.90 ppm, attributed to the heteroatom p-gauche 
effect, defined the axial nature of chlorine at C-4, as the 
y-tronr effect of chlorine on the chemical shift of C-2 is 
negligible (0.2 ppm)” and hence the conformation of 
rranr4chloroflavan is as 4d and not as 4’1 suggested by 
IR studies. Similar “C-NMR studies on Qbromo-, 4- 
chloro-6methyl- and 4bromo-6methylflavans con- 
f%mcd their conformation as 4c, 41 and 4g. mspcctively 
(TabkI),andtheliteratureassignmentof3t”hastobc 
reversed as 4 

The formation of 4a from 31 via 5, i.e. 4d was 
generalized by the synthesis of five more compounds 4k 
tolofromtbedsalcohols31,30.3L31andYviathe 
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Tabk 1. “C-NMR valued for 4-substituted tlavanr 

Compound h L U 4e Y 4 

c-2 77.00 73.00 73.18 74.00 73.14 73.40 
C4 65.80 63.90 53.66 45.76 53.98 466.10 

Thus formation of 4halogcnoflavans from cis4 
hydroxyflavans involves inversion while the hydrolysis 
is with retention possibly via the incipient formation of 
a bcnxyl carbocation (SN1 process) ride i&r and 
subsequent axial approach of the nudeophilcs to 
achieve cfh&nt orbital overlap.” and these reactions 
provide a new high purity, high yield synthesis of crust- 
Chydroxytlavans. 

rronr4chlorollavans which were not isolated. 
Similarly rranr4bromoflavan.s 4~. 4g, li and 4j treated 

An alternative synthesis of cis4tosyloxyflavan 3k 
for its conversion to trms-azidc and mm-amine was 

with aqueous Li,CO,-DMF furnished in high 
yields the Itwrs4hydroxytlavans 4a, 4k. 41 and 

envisaged via the now readily available mm4 

4p. rcspcctivcly. Moreover cir4hydroxy-3’,4’,7-tri- 
halogenoflavans by substitution of the halogen by a 

mcthoxyflavan with PBr, did not give the related WMS- 
tosyloxy group with inversion using silver tosylate (cf. 

Qbromoflavan ; the only product isolated was the WON 
ref. 20). Initial reaction of AgOTs with 4c in dioxan was 
unsuccessful but in acctonitrik this as well as 4d 

alcohol 4. Compound 4l by this route’ has the m.p. 
13>136”. This compound prepared by Al-Hg” and 

furnished an S-free Ncontaining compound proved to 

lb reduction of the related flavanone 
bc cis4acctamidoflavan (vco = 1660 cm - ’ ; vNH = 

A@-Pr’), 
melted at 127-128’ as reported, and it could not be 

3290 cm- ‘) 1h identical with the earlier reported 4 
aatamidotlavan’ later shown to bc the ci.s isomer.’ 

improved by crystallization. The ‘H-NMR speara of 
the two samples were indistinguishabk and so the low 

Similarly 4f and 4g with AgOTgCH,CN gave cis4 

m.p. was attributed to contamination by a small 
aatamido-6methylllavan loC, identical with that 

amount of the ci.s isomer due to epimerixation by 
obtained from 6mcthylflavanone by oximation. 

Al@-Pr’),.” Comparison of the IR spectrum of an 
subsequent LiAlH. reduction and acctylation. In its 

artificial 90: 10 mixture of pure frcam isomer, m.p. 135”. 
‘H-NMR spectrum (CDCl,) the overlapping H4 

and the cis isomer, m.p. 137-138”. was found to be 
multipkt and H-2 quartet signals were simplified into 

almost identical with the sample with m.p. 127-128”. 
two well separated quartets (J,,,,,, ..,, = 17 Hz; 
J 

The compound 4 obtained by the above route melted 
r,. ,. + z. ,, = 12 Hz) by D,O exchange, possible only 

at 92” (acetatem.p. 1 lo”), while this has been reported1 
after addition of Et,N,and defined the stereochemistry 
as cis. This unusual formation of 1Cb could involve 

as a liquid b.p. 86,87”/4 mm when obtained from 6- 
mcthylflavan by PbjOAc), oxidation and subsequent 

initial formation of the bcnxyl carbocation 6 under Ag * 

hydrolysis. On repeating this preparation the oxidation 
catalysis, suhucnt axial approach of the tosylatc ion 

product (containing much starting material) on 
giving the intermediate rrant4tosyloxyflavan 0, 

chromatographic purification furnished frun.r-4 
followed by nuckophilic displacement with inversion 

aatoxy-&methylflavan, m.p. 1 lo”, in VA yield. This on 
by the acctonittik nitrogen lone pair and hydrolysis of 

alkaline hydrolysis gave 4k. 
the resulting ammonium or iminocarbonium ion 8 to 
the cnol9a yielding l(k (Scheme 1). 

To check this tr~4tosyloxylIavan4r was required. 

In contrast with the unsucccasful tosylation and 
mcsylation of& alcohol 3a, the trans isomers 4a and 4 
with TsCl. phase transfer catalyst (bcnxyl cctyl 
dimcthyl ammonium chloride) and KOH or K&O, 
under wet or dry conditions furnished tra-4 
tosyloxyflavans 4r and 4 rupcctivcly (see Table 2 for 
‘H-NMR values). 31 under these conditions gave an 
inscparabk 9: 11 mixture of 6 and cis-bmcthyl4 
tosyloxyflavan 31 [‘H-NMR (CDCl,): d 5.48 (1H. 

zg-+p 
X 

4 

Tabk 2. ‘HNMR values for rrau4substitukd fhvans (4) 

Subutitucnt X R 

Compound 

U Cl H-’ 
4t Br H 

Cl H 

1: ;; H 
4h OCH, 

Br H 

’ o&H :: 4& 
I OH H 
b OH H 
& OH H 

OH H 

OTs H 
L OTs H 

R, Rz R, R, R, 

..~ 
H H 
H H 
H H 
H H 
OCH, OCH, 

a, H 
H H 
H H 
OCH, H 
OCH, OCH, 
OCH, OCH, 

OCH, OCH, 
H H 
OCH, OCH, 
H H 
H H 

H H H 
H H H 
H H CH, 
H H CH, 
H H H 
H H CH, 
Br H CH, 
H H a, 
H H CH, 
H H CH, 
H H H 
WH, OCH, H 
Br H CH, 
H OCH, H 
H H H 
H H CH, 

H-2 
8 (J. Hx) 

__ . 
5.42 (14) 
5.76 (18) 
5.43 (14) 
5.53 (14) 
5.94 (14) 
4.52 (14) 
5.56(14) 
5.06 (14) 
5.16 (14) 
5.17 (14) 
5.23 (14) 
5.30 (14) 
5.35 (14) 
5.21 (15) 
5.37 (14) 
5.4o(l3) 

H4 
6 (J. Hz) 

5.12 (6) 
5.43 (a) 
5.M (6) 
5.03 (6) 
5.77 (5) 
4.97 (6) 
5.28 (6) 
4.50 (5) 
4.7s (6) 
4.75 (6) 
4.82 (6) 
4.80 (6) 
4.74 (5) 
4.79 (6) 
4.68 (6) 
4.75 (6) 
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As* 
4-d and&e - mph= qPh _ @ 

EC-CH, 

6 4-r m 

Ph 

11 

91 R-H 

I 
108 R-H. R,=CH, 

9b R-Ts 1.b R-R,=CH, 

1.C R-R,-H 

4-d. 4-e 

!kkme 1. 

J x ..,. +r..,r = 14 HG H-21, 5.11 W J...,.+,..,. = 23 
Hz, H-t)]. However 4r was unreactive towards 
acctonitrilc and this suggested an alternative mcchan- 
ism involving a rcarside attack of acctonitrilc with 
simultaneous departure of the halide ion assisted by 
Ag’ with a concomitant attack of the tosylate ion 
giving the cis-imino enol tosylatc 96 which on 
hydrolysis would furnish 18a. This was supported by 
the isolation of an unstable intermediate containing 
sulphur, most probably 9h, which gave 101 on 
hydrolysis. 

Thcsc results indicate that in contrast to the basic 
conditions, under neutral conditions nucleophilic 
displacement of Br by nitrilc nitrogen has taken plaa 
with inversion. This is a novel variation of the well 
known Rittcr reaction discussed later. 

In support of the above generalization 4c with 
K-phthalimide in DMF fumishod cis4 
phthalimidotla3an.6 It follows that if one has cis4 
halogcnotlavans, either AgOTs-CHxCN or K- 
phthaIimidoDMF treatment would yield rruns4 
aminoflavan derivatives. If the well established 
displaamcnt with inversion ofOH by Cl or Br using P 
halides and the Stil reaction of alcohols with S 
oxyhalidcs with retention” is applicable at bcnzylic 
carbon as well then cis alcohol 3a with SOCI, or SOBr, 
or the now readily available rr~s isomer 4a with PCl,, 
PCl,, POCI,, PBr, and PBr, would give cis4 
halogcnoflavans with retention in the former and with 
inversion in the latter cases. However both 3a and 4a 
with all these reagents gave only the rrol~s isomers 4d 
and 4c identified by m.ps, mixed m.pa, IR, ‘H-NMR 
and “C-NMR spectral studies. This could bc 
accounted for only by thcconsidcration that in contrast 

with the reactions of U and 4c under neutral 
conditions, acidic conditions lead to a stable bcnzyl 
carbocation 6 followed by axial attack of the 
nuclcophilic halide. It seems that acid as weak as 
thiophcnol brings about the cleavage of the bcnzyl 
C-O linkage in procyanidin $mcn giving axial 
substltutlon via the SW1 process. 

It was hoped that similar to 4-t-butyl- 
cyclohcxanonc. r3 rcductivc amination of flavanonc 
by the Lcuckart reaction would give the rronr4N- 
formylaminoflavan along with the cis isomer. In the 
event the reaction furnished cis-QN_Cor- 
mylaminoflavan 1Oc as the only isolable product which 
was reduced to cis4N-mcthylaminoflavan It. In the 
reaction with 6mcthylflavanonc the resulting product 
showed in its ‘H-NMR spectrum the prcscna of two 
formyl protons at d 8.2 and 8.3, confirmed by two CO 
carbon signals at 159.8 and 160.9 ppm in its “C-NMR 
spectrum indicating the formation of isomcric 4-N- 
formylamino-6-mcthylflavans 101 and 131 of which 
1Od was synthcsixcd by formylation of the cis4amino 
bmcthylflavan and further reduced to cis-&mcthyl4 
N-mcthylaminoflavan 12b. However all dforts to 
separate 101 and 13a proved unsuccessful. In the light 
of the above results as a logical approach it was hoped 
that the Rittcr reaction involving the intermediacy of a 
carbonium ion under acidic conditions’* would 
provide an axial amine. This was amply borne out by 
the results discussed below. With aatonitrilc and 
sulphuric acid in ndibutyl ether (standard Rittcr 
reaction conditions”) 3a furnished an amide. m.p. 206” 
(IR vco - 1640; vr,,,, - 329oan- ‘) which anaIyxcd for 
Qaatamidoflavan, and the yield was improved from 8 
to 86% by changing the solvent to drcthyl ether. The 
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m.p.ofthccisisomcr 1~is2CWandbothhavethesamc 
R, value (TLC on SiO,) in a number of (ca 25) solvenC 
systems. 111 spectra of the two were almost identical and 
the 60 MHzspectra were inconclusive due to overlap of 
the H-4 multipkt and H-2 quartet and these could not 
be simplilkd by D1O exchange even alter addition of 
EI,N. “C-NMR spuztral studies were therefore 
undcrtakan.In thccascoflQl,mp.208”. thcC-2carbon 
signal appeared at 77.1 ppm while in the compound. 
m.p. 2W, from the Ritter reaction it am a1 73.9 
ppm ckarly showing that this is the desired 1rans-4- 
aatamidoflavan 13b with the axial C-4 aatamido 
group causing an upfield shin of 3.2 ppm due lo the 
heteroatom y-gauche effect. It may bc noted that the 
shielding of tbc C-4 carbon by axial OH, OAc or OMe 
groups by C(I 5 ppm in cyclobcxane2’~26 is rcducad IO 
1.7-1.9ppminChydroxyflavax~s,~‘to 1.2-1.7ppminQ 
aatoxyflavans,” and ia further decreased IO 0.84.9 
ppm in rron.s4aatamidoflavans 1% and 13~. 
Moreover this assignment was fully a~~&~~ratal by the 
reexamination of the ‘H-NMR spectrum in DMSO- 
d, on a 90 MHz instrument. Irradiation of the amide 
proton doublet at 6 8.45 simplified the H-4 multiplct to 
a narrow doubk doublet (narrow tripkt) at d 5.02 
(equatorial H-4, J ,,.,. , .,,. ,, = 9 Hz) ckarly separated 
from the double doubkt (broad tripkt) at 6 5.22 (axial 
H-2, J 2..,.+ 2..k = 18 Hz) while irradiation of the 
triplet at 6 5.02 oollapscd the amide proton doubkt at d 
8.45 to a singlet, thus confirming its stereochemistry as 
in 13b. This reaction also gave an intermediate unstabk 
compound containing S, most probably the tr(uu- 
imino-cnol sulphate lb which is hydrolyzed to 13b 
with water. The formation of 1% via 14a through the 
intermediacy ofa bcnxyl carbocation (&l prootss) was 
supported by the fact that 1% was also obtained from 
the rrans-alcohol & in high yields. Moreover 3a and 3f 
ontrcatingwithH2S0,inEt20alonc(noCH,CN)and 
subsequent addition of water furnished C and 44 in 
high yields. Under similar conditions # and 4k with 
aatonitrilc gave fruns4aatamido-Cmcthylflavan 
lk providing a second pair of isomcric 4- 
aatamidoflavans and this appears to bc a general 
method. 

Thus a1 the C-4 bcnzyl carbon of a flavan nudcus 
without a substituent at C-3, when the carbocation is 
generated under acidic or basic coaditiono, the 
nuckophiks halide, water and nitrik approach axially 
while under neutral conditions the substitutions by 
aatamido or phthaliido group take plaa with 
inversion. Further studies are in progress. 

EXPERIMENTAL 

M.ps were determined with a Rcicbcrt m.p. apparatw and 
are tmcorrcctcd. IR spectra (KBr discs) were recorded on a 
Pcrkin-Elmcr437spcctrophotomctcr.’H-NMRspcctrawcrc 
determined on Perkin-Elmer R-32 (90 MHz) or JEOL-FX- 
ICGFT (100 MHz) NMR spectrometers using CDCl, as 
solvent unless otbcrwiu stated. chrmical shifts are given in 
ppmfromMc,Siasintcntalstandard.“C-NMRspectrawcrc 
murural on a JEOL FX-ItXWT (25.03 MHz) instrument. 
Merck Silica Gel G-60 (X%230 mesh) was used for 
chromatography. 

Allempld mrsy&lion af3a 
(a)trans4Hy&ox$atxzn & Mayl chlondc(6 g 52 mmol) 

mpyridine(2Oml,250nunol)wasad&drlowlytoastirrcdsoln 
of~(2g.8.84mmol)inpyridinc(l0~l25mmol)atO”.Afta 
16hratO”.Ihcmixtwcw~pourrdon~iamdleft 
ovcrmght. The separated solid was colkctcd and crystallized 
from light petrokum (‘b.p. 4&W) to fumiab & (0.5 g 25%). 
m.p. 117-l 18”(lit’ m p I183.Thc antortc(BzU-pyridine) 
had m+p. IS&151’ (lot lr m p IW). 

(b) trans4Chlorofl~ U Tbe muylation mixture of the 
aboveupaimcnt wa9 poured on crushed ioz and immaliatdy 
extracted with ether. tha etbcr iayer dried (Na,SO.,) and 
solvultrunovaiintWuo.TlWt&dual~witidlwasaolidi&i 
on cooling. was sub&mai at W’,Q.65 mm to furnish U (0.54 & 
25%). m.p. S&54”. (Found: C. 73.40; H. 5.50; CI, 14.70. 
C,,H,,OCl requires: C. 73.60; H. 5.30; Cl, 14.300/,.) 
Compound U (0.4 g) was dissolved in pyridine (2.5 ml) and 
water (2 ml), and the sdn kft ovcmight at r.t. Usual work up 
alTordcd a gum. Addition ofpctrokum ether dissolval most of 
thcgumleavinpasmallrcsiduc(5mg I%)idmtifiaJas4a.Thc 
petroleum ether sol&k material was identified as Aav-3+x9 
(TLC and IR check). 

(3) 4 6 I OSO,H 

~SOJH 

I& R-H ti R-H. R,-CM, 

nb R-R, -CH, 
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(i)Byoewau~yrYkr.ArdndY(03b0.8mmd)in 
pyridine(lml.l2~mmd)~wua(IX)ml)rukspcrtroom 
tamp for 48 hr. tian up in ctber. rubed with HCY (Y/d water. 
rod dried fNalSO& Removal dsolvcnt and uysraUz~tio~ of 
tbcpfoductfromtight petrokum+daI4m(O.l I emA),rn.p. 
116-117. 

(ii) By qaeous DMF-L&CO,. DMF (S ml), L&CO, (2%) 
me 3.38 mmol) and water (3 ml) were added IO 4d (from 0.5 o. 
J,~0.5mlSOC13atO”.Ma12hrrtO”tbemirtu~woc 
worked up as usual to gin 4a (75%), m.p. 117”. With 
DMSO-Li,CO,-wata tk yidd wu lora (~4 6@‘& 

l~Chlao-6ethy&aawl u. SOCl, (5 ml) wu added 
toJI(O.s&),Mdaftcr 10mill,bexAllc(20ml)wud&d10lbe 
ruulling rda. SoCl, al008 with hexAD& wu fzmoval In 
DW6andtkfedducwucr)ltalliz&fromkxanelogivcY 
(m/h mp. w”. (Found: C. 74.56; H. 613. C,,H,,OCl 
nquira : c 74z ; y S.soy~) 

truu4-Broawbwh~~Totbriacododwlnof 
.w (1.41 & 58 mmoq in absolute ctbcr (75 ml) wax a4Mcd 
dropvLaPBr,(lJ8g5.8~d)inerba(~ml)ovorapaiod 
OfC4~Omip~rolnwurtirrodrt~for5hr.wubedrPi~ 
NaOAc oq (35 ml, Y/d and water. Tbc ctbcr lag wu dried 
(Na,SO.) and the aolvcnt removed ~JI WCYD to yidd an oiI 
wbicb solid&d on tfiruratioa with ligbl patroleum (hp. 6 
Soo). wtioo dtbe solid from WI pctrokum 
afforded ydlow needka of 4 (68.94 mp. 8s“. (Found: C, 
63.M;H.5.19.C,,H,,OBrrcquin~:C,63.36;H.4.950/,) 

Simil~rsrctiooOfPL,(170)and~(15.51)inCther(UO 
mI)at(Pfor 16branduystaltkatioadtbcprodudfromtigbt 
pctrobum turr&al mw+br~-authoxy-6-meth~- 
@sun Y (7Y/3, m.p. 113’. (Found: C 61.42; H. 4.90. 
C,,H,+O,Br raquiru: C. 61.26; H. 5.10Yw, 

rMt4,sDtbre hy&Mll Q Broalim (0.2 ml 3.75 
mmo()inAcOH(Zml)rrcddbdtoa~olnolJI(Q9g3.74 
mmd)inAd)H(2ml)at~.Tbemixturrwulllorsdtocool 
and bh ovenligbt wkn a adid wss pruc+tata.l. 
CrjallhhndtlxrotidfrunbeuDthanirbad~(Jr/3, 
mp. 125-12P. (Found: C, 49.90; H, 3.40. C,.H,.OBrI 
requires: C. X20; H. 3.&I/*) 

trPns4_H+ux+methvylarrm C (i) Gmqoumi Y 
[homJI(~~m3~SOCI,(0.~mf)aIWfor4hr]wu 
dssolybd wiLbout isolatioo, in pyridim (25 ml 31.25 mmol) 
andwatcr(2ml)andthcrolowuaBowcdto~tandfor 16br1t 
30”.UuulworlruppveY(S~_lS%wwbeocbedmewu24hr 
at O”L m.p. 92”. (ii) By aqueous DMSO-K,CO, : Compound 
r(hom-~~oiw~o.smlofSOC1~wu~raladwi(h 
DMSO(Jml),~1~(3ml)~K,CO,(~~l.8mmol)rt 
0” lor 24 br to give 4k (WA mp 92”. (ii) By squeoux 
DMF-Li,CO, : Compound Y (from SO mg of 3f u above) 
rhea ueatsd witb DMF (5 ml). water (3 ml) and L&CO, (250 
ml. 3.38 mmd) at w for 24 hr gavc4k (75%). mp. 92“. (Found: 
C79.~0;H.660.C,,H,,O,r#luims:C8QOO;H,6~~)Tbc 
aat~tc (AC,&~vridinc) hsd m.~. 1 lo”. (Found: C. 7650; H. 
69o.C,;H;,O;rosuirrs:C,7~~;H.6.10”/,)NMR(C~~: 
~S.l6flH.tiJ,..... - 14HrH-2bS.9S(lH.MJ,,.,., - 6 
Hr, HA). 

truu-3’,4’-Dfn&oxy-4-hpiroxy-6-nwhy&?amn& 
RerctioodlfWY)mrlmmd)~SOCI,fO.Sml688mmd) 
ti then ~~IJI ii,co;izso mg_ j.38 mmol jin mm (3 ml) rad 
DHFl5ml)Ior 12bratO”nvcC1(75~~m.~. lM”.(FouA:C. 
7l.SS;‘H. b.67. C,,H$, requ&-C. izOO; fi. &66%) 
Similarly tbc c&alcohols 31 and 3j” gave lran~-3’.4’- 
&uikx@uut4~(~/&),m.p.113’.(F0und:C71.13;H,620. 
C,,H,,O.~bqui~:C.71.32;H,6.~~~~~~oxy- 
3’.4’.7&1etrmrrhox@1mn & (85x), mp 101”. (Found : C 
6606; H. 6.38. C,,HzXOI requins: C. 65.89; H, 6.39/,) 

Hydrdysis &ans+b~oaw~a~~~~ 
(i)C~It.Compouad6(lg3.~6l)wurddbd 

atO”toasoloofLi,CO,(S7Omg7.71 mmd)inDMF(lOml) 

and waler (6 ml) and the mixture wu allowal to rti at 0” for 
12 hr. unul work up lluaLbbd c (7WA mp 117. 

(ii)~~Aro&o4(O.Sb16mmd)ioDMF(3ml), 
we (2 ml) and K,CO, (250 mg) or Li&O, (250 nu) was 
rlirrodfor24hrrt0”.UarulwortupyiddedllC1~~~p. 
9t”. 

CompacndY Wata(2 ml) wasulded to aa of4 fO.92g, 
2.38mmol)inpyridiDc(loml.lummol~~uLu3o”~ 
mixturcwupourcdintoioewalerMdwl&Jo&aimdwu 
crystalli& horn EtOH to M Y (37/h m.p. 13Y. 

CorrpadIjCompouad1((UOm~Q65oPmd)ruddad 
toDMF(5ml)~*rter(l.~ml)om~~~C0,(125~ 
7 mmd) and tk mixture wu stirrrd for 12 hr at r.t_ poured 
inLo WaIef. extracted wilb elhn, walbed wiIb waler lad drial 
(MgSO& Ranoval of solvent in DOEY) and uystaflizatioa d 
the residue from CHCl,-hew fuxebcd w 
hy.froxy&nahy&mn: r, 0, mp. W. (Fowml: C. 
60.21; H, 4.86. C,,H,,O,Br trquirce: C, 6&19; H, 16(0/,) 

truu - 4 - Hyboxy - Y.4’.7 - -e-4& 
Hydroxy-3’.4’,7-crim&~xytlavan (0.32 & 1 mmol) wu 
msctd\si~PBr,(0.3~0.38mmd)in~(lO~)at~~6 
hr~pourcdintowatcr.Immediatewo&upftnhkd4q 
(ao”/~ m.p. 109”. (Found: C, 68.50; H. 693. C,,HzOO, 
rcquirea: C, 68.36; H. 6.33%) 

compaud It do lend lecrwcetoII oxidafkm 
(a) bhfuthyltlaam 20 dust (U g 382 mmol) wu ddad to 

water (4 ml) cOat&iOS HgCl, (25 & 92 mmol), fllrcmd &CT 
10minwaskdwitbwataMdAcuH.-ncre4uGuza 

ovexnigb’~ mi& wuhilutai witll w&r. ocutr3hsd 
(Na,co~Mdim3lalionwilhstbapvouadwbichon 
diatihIioD in DQCYO flmilkd 6-llbclhymann (89%A bp. 
lWP/12mm.(Fouad:C85.69;H,7.14.C,~,,O~~:C 
85.71; H, 7.110/,) 

(b) cru+Acaoxp6-merhy#?amn bMdhylflavaa (3.9 g 
l7.4mmol)inbaumc(fs5ml)waatrertcdwitbPb(OAc),(7.8 
& 17.5 mmd) uodcr rebox for 14 hr. laorpaic ti were 
ranovalbyRttratioaandrumovddooJvantframtbeBhnte 
InwcvofblGkdaraidua(268g)wbicb~awtin&b 
nK!tbylaavaa and ~oxg&llubylllavan (TLC 
ctr&lr~~og@lyoOaCdtllmloCDou~&MGlUritb 
liglll pclrokum furoi&d in lbe 6rlt baclioa bmctbyulavan 
(L20)rodhvtbrdutioowi(hLighl~knacoc(l:2) 
gaye tnxns+satoxy-bmcthyi.lbvan (180 m&W’& mp. 110”. 
(Found: C, 76.30: H, 6.90. C,,H,,O, mquira: C, 76.59; H, 
6.4%) 

(c)capavd~Larbowr~re(l42~0.~mmd)in 
MeoH(ZSml)ladKOH(l.U~U.66mnrol)wurrdursdloc 
3.5 hr. UWAI wok up fwniakd a (60 x SC?Z& m-p 92” OR 
compuiron). 

Acrfcm oj sffar tosylmc fn we al (ruu-+ 
holopmdlewns 

ci&Acet~ la Compound Y (25 g 1022 
mmot~or&f29elOmmollwuddadto~rotndA&Ts(3.2 
& 1 l.&mm&iGat0nitriic( 1oomI)at 0.5”. Tbc mi&lfz wu 
protected hem Ii&t and stinwd at 0” for 2 hr. allowed lo stand 
overoigbf tk AR salts were Bltcral oU and acetoaitrik was 
runo& a WM. Tk rwidIB? was CXIrwod with uhu. 
wukd with wuu and dried (Na,SO& Ranovd daolvcat (a 
mew) md aysUixatioa of tk lTddtill8 rdid from McOH 
kvnhbedl~(l.lg~/~mp.208”.(Focmd:CM.U;H.63Q. 
C,,H,,NO, rsquirrs: C, 76.40; H. 6.36%) 

Similarlyullld4@niskd 101,mp.21C216”.(Found:C 
76.71;H.6.71.C,,H,,NOIrcquircs:C.76~;H,~~~)A 
S&I of bm*hyiBavanoac (IS2 & QW mmd) md 
hydroxylamine hydrochloride (31) g 0.S mol) in 4ua~ 
pyridioe(MOm/660/3wurrduxadlor~k~~u~on~ 
diLHC1(1:1)tofurnisbrsolidwhichoa~rioa~m 
MeOHpnbwthyl4-o~o~~(13g~~mp.l~ 
l!XT. (Fotmd: C, 75.76; H. 6.10. C,,H,,OIN rrqtira: c. 
75.93 ; H, 5.930/‘,) (ii)To a stinad suspckm dLiAW,(lg25 
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~l)~~~~(~~)~~~l~Of 
rheabono~(1.26~5~l)in~~ah+r(1001al) 
andTHF(2Stnl)atsdtbamixturawaaU&dtmdsr~u%forS 
lu.Tl%unra&alLiAlH.wasdastroywdbyatharsaturatcd 
witbwatar;thasolnwaapoaradIa&l.Ha(Soatl; 1:l)and 
utractadwithrlzbar.TTtu4tbamtap&sawasbaG.6rdinthe 
cold by NaOH (10 l’Q cattaot& with CHQ, and the CHCl, 
extract was drial (Na,SO_J. Evaporation d the solvent 
fumishcdci+4-unino6-tnuhylaava8asaaoil(69Smg)which 
was dissolved in pytidine (2.5 ml) and treatal with AcsO (2.5 
mt).Workup~a16hrfurnbbad~(tUmgl~~m.p.2t5” 
(IR comparison). 

(a) Wet phaserratqfer cotalpfs. A sob of pTsCl(21& 1 I 
mmol) in benzene (5 ml) was added dropwisa to a stirred two 
phase bctcro@xhcous suqxnkmof~(2_26~10mm01). 
bcnzylatyld&thylam&nium chloride (160 -m& batznc 
110mllmdaaucourN~HISml~~at20_u’.’Ihrrrctioo 
ivu timinatid after the disagpsuuta of4afrLcclKck)and 
the odour of sulphooyI chloride. TM organic layer was 
separated. washal with water tiit nmtral and dried (Na,!SO.l 
Removal of the solvent and purisation of the resulting 
product by chromatography (SiO,-duutt benzene) htr- 
nishal4r (1.2 g, 317& nzp. 1.531SY. (Fouod: C, 69.60; H. 
5.40. C,,H,,O,S requima: C, 69.47; H, S.26Ye) 

(b)fhyph4u_rr~ffcoioiyToas~~aoofC 
(0.6 a). NaOH (0.32 gj, NasCD, (0.42 0) and tiyl- 
dimcthylbcnzyl ammonium chloride (40 mo) in bcttrme (5 ml) 
was addal a sola of pTsCl(0.6 g, 3.14 mtwl) in henmoe (5 
ml)andstirringcontinurdat 15_20”for12hrtocompktetbe 
reaction (TLC check). The mixtun was poural into water, the 
organic layer was washul with water till neutral, dried and 
solvent removed in txxuo. CrysUiratioo of the residue from 
CHCl,fumishad4r(650/~m.p. 153-1S5”.&1ilarly4&gavelr 
(40’$& m.p. 186187”. (Found: C, 7020; H, 5.70. CllHllOl 
rquucs; C, 70.07 ; H, 5.58%) Compound t when rcactai 
urlth acctonitrik was recovered unchanged. 

R.?action ofK-phlhaiimtde wtrh trana- 
C!tukgmo~ar4fu:dtQ-p/u~~ll 

To a stirred solo of ph ~(~.~S~~.~~OI)~DMF 
(lSml)merbraolicKOH(i.2~~/~w~~~at8S~wbcn 
the McOH was distilled over. The mixturn was a&d to 50”, 
4e(L9g 10mmol)wasaddodandtMstirrinpcootinuuLAfter 
30 min at 50” the mixture was poured on ice water and the 
renarated solid was collaxod. wasltud s ucccsaivdy with water 
addMeOHitoAcryrtlIlitedfromMeOHtof~li(l.2g 
33.6”/,),m.p.178”(lit~m.p. 178”).(Found:C.77.3O;H.4.90;N, 
4.15. C,,H,,NO, raptires: C 77.73; H.4.70; N. 3.prr/,) 

Rruction ofdphw ondphosphonu haifdes an cis- and trans- 
4-hy&oxypm;anr 

(i) SDCl, (2.0 ml, 27.5 mtnol) was added at 0” to Eody 
powdcmd 3a (6.0~. 8.84 mmol). After 10 min at rt., petroleum 
ether (hp. 40-q was added and excsas SDCl, was removed 
(fa wcuo). The rwiduc was sublimed at Wm.6 mm to furnish 
U as a pale yellow solid (1.5 g 69.4y& m.p. S&54*. 

(ii)PC1,(lg7.u)mmd)wuddadtoasts~onof 
~(1~4.42~1)indryctha(#)ml)atO”.MerSbratO”ItK 
cthcrcal layer was washed with NaOAc (5%). water and 
dried (Na$O,). Removal of the solvent (Lr uacuo) and 
cryatalhzatiott of the residue from petroleum ether furnished 
4d (0.75 a. 69.5%), m.p. S&56”. 

(iii) PC&( 1.2g,5.76mtnol) wuaddal toas~irrulsusputsioa 
of3a(1g4.42mmol)indryuher(SOml)atfp.Padstirting 
cootioued at 0” for 5 hr. Usual work up gave U (0.6 g, SS.p/3, 
m.p. 58”. 

iaqmadcgundcrsimiIarwnditionsasini.iilndiii 
rbovc, fumihd Y mm. 56-W (mixad mm, IR. ‘H-NMR 
and “C-NMR compar&) - 

Ca+ 4a with PBr, in ether under conditinns umd for 
3a“ fur&bed 4s (rr/3, mp. 85-87‘. (Found: C, 6214; H, 
4.51. C,,H,,BrO, requires: C. 6229; H, 4.500/,)(‘H-NMR 

Canpad i (0.2 B, 0.8 ratnoB in ach (10 ml) with PBr, 
fa.Wn0.83mnron~etber110ml)~0”~s&hr~ 
hxk up gaw 4g &/A tn;. SY; idaerial with tbc ODC 
obtainal from X. 

&4N-Fm~ IL 
(i)kihnnoakm.AtAturcof!haaona (5*223mmd) 

~~~~(~~~~~~~41~)~~~ 
inanoilhathati8tPfor3hrwitht&simuRa#ous ranmalof 
tbc distillata Dilutitm of the raiduc with cold watar (SO ml) 
and basifiation with cold ammonia fan a brown rotid which 
wu~t~fromEtOHtosivsi~(I2g2l~~mp.183- 
1sP. (Found: C. 75.70; H, 6.10. C,,H,,NO, reouira: C, 
75.88 ;. H, S.w/*) 

__ ._ _ _ 

(ii) Fayhtbn &-4-Amino&mvatt’.~ (450 rrt& 2 mmolX 
hradNaOAc(2eU~)ud~~(lSml)rm: 
t&txad for 3.5 hr. lsolatioa with at& and uysta&ation of 
the product from EtOH furnished !.a@. 15 & m map. l85- 
187 (XR wmpuiwn~ 

c&&N-Mahylamtno&utn It 

. aydallmoon from CHCliti gaK It (985 mg. 35%). 
mp56”.(Formd:C,&O.dO;K7.10D/,C,~,,NOtaqrdm:C, 
8Q33; H, 7.1 lo/) 

buckart reactton with 6tncthyI&-attonc (5.31 & 22.3 
mmot), formic acid (40 mL WA and formamide (41 ml) as 
above furnished a mixture of l(rl sod 13a (1.02 g lT& m.p. 
182-183”. 

Formylation of &4amino-6mcthylllavan (0.239 g, 1 
mmol) with fused NaOAc (1 a. 12 mmol) and formic acid (7.5 
ml.~~)rurnirhedlG1(85~~3l.k/~~~. 188-189”.(Found: 
C,76.6l;H,6.34;N,4.l!-8.C,,Hi,NO,ra&ru:C,76.4O;H, 
6.36; N, 5.24x.) This was mdistinguishahlc from the ahovc 
mixture by TLC (24 anlvcnt combinations) and LiAlH. 
raiuctioo as above fumishcd lflr, tup. 77”. (Found : C, 80.40; 
H. 7.60; N, 5.26. Ci,H,tNO rquirea: C, 80.63; H, 7.40; N, 
S.S3%.) 

Rffra react&n on 38 md C : -onrklopcrwn 13) 
(a)Toasthdaolnof3aorJI(226mg,1mmol)inodibutyl 

ethcr:(1Smt)~patoniuilt(O-2mL3.8mmol)wu~wnc 
H~~.(l~)io~~tyI~(lO~)at~.~~lhrat~ 
50”. the mixture was poural into water. Isolation with ether 
rod crystalliration of lb product from light petroleum 
furnished 13h (140 mg SsS/& mp. 206”. (Found : C 76.28 ; H, 
6.90; N, 5.10. C,,H,,NOr requires: C, 76.40; H, 6.36, N, 
5.240/,)(b)Toasolnof3aor4a(226mg, 1 mmol)incthcr(lO 
ml)aodacetoniti(5ml)wasad&dattYasolnofwnc 
H,SO,(lml)inether(lOml).Worlrup~ftaUhratr.t.pve 
13b (BY/& m.p. 206’. 

Similarly Jf and Q gave 13~. lap. 195-196’. (Found: C, 
76.52; H, 7.11; N, 4.48. C,,H,,NO, foquiru: C, 76.84; H, 
6.76 ; N. 4.900/3 
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